Background: The purpose of our study was to evaluate inter-observer reliability of the Three-Column classifications with conventional Schatzker and AO/OTA of Tibial Plateau Fractures.
Introduction
Tibial plateau fractures are common intra-articular injuries often leading to post-traumatic osteoarthritis. Adequate pre-operative appraisal of plain radiographs and computed tomography (CT) scans are essential for fracture classification and treatment planning. About six anatomical classification schemes are established in clinical practice. The classical ones are the OTA/AO and the Schatzker classification systems.
Recently, a new three-column classification approach was proposed by Luo [1] based on multiplanar CT images. The purpose of our study was to evaluate interobserver reliability of the three-column classification, using the conventional Schatzker and AO/OTA system as the reference standard.
Materials and methods

Definitions
The three-column classification of tibial plateau fractures is illustrated in Figure 1 . On the transverse CT view of the tibial plateau, which firstly contains of the fibular head, the focal point (point O) is the mid-point of two tibial spines. Point A is the most anterior part of the tibial tuberosity. Point B represents the medialposterior ridge of the tibial plateau and Point C is the most anterior point of the fibular head. The tibial plateau is divided into three parts by lines OA, OB and OC. These areas were defined as lateral column, medial column and posterior column, respectively ( Figure 1 ). The line OD divides the posterior column into posterolateral and posteromedial parts. The rupture of the cortex wall is defined as a column fracture, which is verified by coronal and/or 3-dimensional (3-D) CT.
Articular depression with a break of the column is defined as a fracture of the relevant column. Pure articular depression (Schatzker Type III) is defined as a zerocolumn fracture. Most of the simple lateral split and split depression fractures (Schatzker Type I and II) belong to a one-column (lateral column) fracture. However, the concurrence of an anterolateral fracture and a separate posterior-lateral articular depression with a break of the posterior wall is defined as a two-column (lateral and posterior column) fracture. Articular depression in the posterior column with a break of the posterior wall is also defined as a one-column (posterior column) fracture (this type of fracture is not included in any type of the Schatzker classification). The other typical twocolumn fracture is the anteromedial fracture with a separate posteromedial fragment (medial and posterior column fracture), which traditionally belongs to Schatzker Type IV (medial condylar fracture). The three-column fracture is defined as at least one independent articular fragment in each column. The most common three-column fracture is a traditional bicondylar fracture (Schatzker Type V or Type IV) combined with a separate posterolateral articular fragment.
Patient sample
From December 2004 to December 2006, 278 consecutive patients with tibial plateau fractures were internally fixed at the department of Orthopedics and Trauma III in Shanghai Sixth People's Hospital. Inclusion criteria for this study were: age 18 years or older and closed fractures without neurovascular damage or evidence of compartment syndrome. Preoperative evaluation for all patients included plain radiography and computed tomography (CT) scans. 50 cases involving all fracture patterns were collected and the series was arranged randomly, numbered 1 to 50. Four observers involving one trauma surgeon specializing in the knee joint, a radiologist specializing in musculoskeletal disorders, one attending doctor and one senior resident were chosen to classify these cases; none of them was in charge of the selected patients. Before the study commenced, each observer completed a classification training session. They were given as much time as they required evaluating the radiographs accurately and independently. The observers indicated their choices on pre-designed diagrams with a schematic representation of the Schatzker and AO/OTA classification. Classifications choices had to be made at the first viewing and were not provided with any feedback. Ethical approval was not required by our institution for this type of study at the time performed.
The kappa statistic was used to analyze inter-observer reliability of the three fracture classification made by the four observers. The kappa is a chance-corrected measure of agreement comparing the observed measure of agreement with the level of agreement expected by chance alone 
Results
The mean kappa values for inter-observer reliability regarding Schatzker classification systems was 0.57 (range: 0.51-0.59), representing "moderate agreement". The mean kappa values for inter-observer reliability regarding the AO/OTA classification systems was 0.62 (range: 0.51-0.71) representing "substantial agreement". The mean kappa values for inter-observer reliability regarding the new three-column classification system was 0.77 (range: 0.71-0.89), representing "substantial agreement" (Table 1) .
Discussion
A useful classification system in orthopedic trauma must 1. reliably categorize the fracture type, 2. facilitate communication in clinical practice, 3. guide preoperative planning and 4. enable comparing results and outcomes across studies. Nowadays, the most sommon classification systems used in tibial plateau fractures include Schatzker Figure 1 Three-Column classification.
[2], Hohl and Moore [3, 4] , and OTA/AO system [5, 6] . Charalambous et al. [7] proposed a new classification for tibial plateau fractures based on the number of condyles involved and the presence of a split/articular surface depression combination. However, all established classification schemes are not always helpful for planning the surgical strategy.
Reliability plays an essential role in the validation of a new classification. There are many comparisons among the current classifications of tibial plateau fractures. Walton et al. [8] concluded that the AO classification is superior to the Schatzker classification with regard to inter-observer reliability and should be used as a standard in scientific publications and by professional bodies. In contrast, Charalambous noted high inter-observer variability for both the Schatzker and AO/OTA classification [7] .
Apparently, dividing tibial plateau fractures into unicondylar or bicondylar fractzures, and those with a pure split or articular depression with or without split may be a more reliable approach. Recently, several studies concluded that a multiplanar CT scan enhances the reliability in classifying tibial plateau fractures [9] [10] [11] [12] . Compared to the conventional AO and Schatzker classification, a CT-based three-column classification as applied in our study is associated with substantial agreement amongst independent observers [8] . This may contribute to a more accurate assessment of fractures.
The new CT-based classification scheme allows for a distinct description of tibial plateau fractures including complex injuries. For instance, fractures extending to the posterior column are gaining more and more attention by surgeons. They are prevalent in most complex bicondylar tibial plateau fractures as a result of highenergy injury. Resulting comminution, especially with fractures involving the posterior aspect of the tibial plateau, makes the interpretation of fracture patterns difficult and prone to misconception.
Another notable injury pattern of the medial plateau is a coronal plane fracture that results in a separate posteromedial intra-articular fragment of variable size. This fragment was described in case reports in association with bicondylar tibial plateau fracture patterns and in conjunction with other proximal tibial fracture variants. Among 111 bicondylar tibial plateau fractures evaluated by plain radiographs, Higgins et al. [13] observed a 59% prevalence of a posteromedial fragment, involving about 25% of the tibial plateau joint surface. Furthermore, the posteromedial fragment was much more common and accounted for a more significant portion of the joint surface than previously described. Failure to address this fragment may allow the medial femoral condyle to rotate and dislocate posteriorly causing instability, pain, and progressive joint degeneration.
Barei et al. [14] found that 42 of 57 injuries showed a posteromedial fragment, comprising a mean of 58% of the articular surface of the medial tibial plateau (range, 19%-98%) and a mean of 23% of the entire tibial plateau articular surface (range, 8%-47%). It was emphasized that these complex interactions of fracture and implant variables should be considered by the treating surgeon when dealing with these significant injuries. Fully understanding these fractures is the basis for successful treatment. Both the Schatzker and AO/OTA systems classify these fractures according to the appearance on anteroposterior radiographs.
Thus, a classification based on the CT-scan is ultimately needed to obviate the possibilities of ignoring the posterior fragment and to design the surgical plan in a more accurate way. Brunner et al. [10] found that computed tomography scanning improves the inter-and intra-observer reliability of the OTA/AO, the Schatzker, and the Hohl classification. It was pointed out that a thorough assessment of tibial plateau fractures is a prerequisite for decision making and preoperative planning, and must include a CT-scan. This is especially valid in more complex fractures, such as those which require more detailed information regarding the localization and presence of split and depression zones or where the contra-lateral plateau has been affected. Hu [9] suggested that three-dimensional CT is a more reliable radiographic modality than 2D CT in evaluation of fracture patterns in tibial plateau fractures and supports the use of 3D-CT when analyzing complex intra-articular fractures of the tibial plateau. Eggli et al. [15] concluded that bilateral condylar tibial fractures follow a regular pattern, which is explained by the anatomic form and motion of the two tibio-femoral compartments. Existing classifications, based on 2-dimensional x-rays, do not describe these fracture types correctly and a new classification based on CT data is demanded.
A three-column fixation technique to treat multiplanar complex tibial plateau fractures, based on a three- dimensional understanding of the injuries, is recommended as a possible consequence of our research. We emphasize that this classification is most useful in high energy tibial plateau fractures.
Conclusion
The three-column classification of tibia plateau fractures based on reformatted 3D CT scans can identify posterior column fractures and fragment likely to be missed on plain radiographs. It showed substantial and higher agreement among independent observers in than the conventional Schatzker and AO/OTA classification schemes. We suggest to implement and to validate this new system in other institutions, and to use it as a helpful tool for planning the surgical strategy.
